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FOREWORD 


The  meteor  photographs  which  fora  the  buic  materia)  of  this  report  were  taken  at 
the  Meteor  Stations  of  the  Harvard  College  Observatory  under  Task  D of  NOrd  8555  and 
Task  I of  NOrd  10449  for  the  (J.S.  Naval  Bureau  of  Ordnance,  and  now  under  NSori-07647 
for  the  Office  of  Naval  Research.  The  measurement  and  reduction  of  the  plates  end  the 
analysis  of  the  resulting  data  was  done  at  the  Numerical  Analysis  Laboratory  (formerly 
Center  of  Analysis)  of  the  Massachusetts  Institute  of  Technology  under  Tasks  D and  I 
of  NOrd  8555  and  of  NOrd  10455  and  Task  A of  NOrd  10455  for  the  U.S.  Nava)  Bureau  of 
Orxkiance,  and  now  under  DA- 19-020-0 RD  1093  of  the  Office  of  Ordnance  Research,  U.S. 
Army. 

The  persons  involved  in  the  project  were: 

a)  At  the  Harvard  Stations: 

Harlow  Shapley,  Director  of  the  Harvard  College  Observatory 
Fred  L.  Whipple,  Project  Director 

Frances  W.  Wright,  in  charge  of  plate  inspection  and  records 
Richard  E.  McCrosky,  observer-in-charge  at  the  New  Mexico  Stations. 

Following  is  a list  of  the  observers  at  the  New  Mexico  Stations;  the  number  in 
parenthesis  indicates  the  number  of  months  served  prior  to  January  1951  (date  of  the 
last  plate  included  in  this  report): 

Philip  S.  Carroll  (29),  Peter  0.  Cioffi  (12),  Keith  Guard  (2), 

Irwin  Levi  two  (4),  Gunther  Schwarts  (6),  Harlan  J.  Smith  (4), 

Henry  J.  Saith  (2).  

Plate  inspectors  in  New  Mexico:  Cathrrine  Csrfol)  429),  Juanita  Engle  (7). 

b)  At  the  M.  I.T.  Numerical  Analysis  Laboratory: 

Zdenlk  Kopal,  Director  of  the  M.I.T.  Numerical  Analysis  Laboratory  and  Prriect 
Director  until  June  1951. 

Luigi  G.  Jacchia,  Project  Supervisor  until  June  1951;  Director  of  the  M.I.T. 
Nuamrica)  Analysis  Laboratory  and  Project  Director  after  July  1951. 

Computers:  Virginia  K.  Bren  ton,  Robert  E.  Briggs,  Jeannie  R.  B.  Carmichael, 

Francis  G.  Davor en,  Diana  H.  Mason,  Laurel  le  B.  Parrotts,  Dorothy  T.  Penherton, 
Louise  Richardson,  Martha  B.  Shapley. 

Occasional  Computers:  Mary  H.  Baker,  David  D.  Brown,  Carolyn  S.  Littlejohn, 

Helen  M.  Pillana,  Anita  Pore]],  Sidney  Shapiro,  Charlotte  G.  Treuenfela. 

Assistant  Computers:  Heater  L.  Bassett,  Helen  M.  Carr,  Belle  J.  He) pern. 

Most  of  the  computations  involved  in  the  present  report  were  performed  by  Mr. 
Briggs,  Mi  a a Carmichael  and  Miaa  Pemberton. 

Much  of  the  information  concerning  the  first  fifteen  Massachusetts  meteors  (Table 
II)  waa  supplied  by  Dr.  F.  L.  Whipple,  who  had  reduced  them  before  the  inception  of 
the  present  project. 


ABSTRACT 


Velocities , accelerations  'nd  integrated  luminosities  mere  determined  on  photographic 
plates  for  US  Massachusetts  meteors  and  73  New  Mexico  acteors.  Atmospheric  densities,  computed 
from  the  New  Mexico  meteors  in  the  same  general  fashion  as  in  Technical  Report  No.  2,  are  in 
good  agreement  with  the  slope  of  the  density  profile  derived  from  V- 2 rockets;  however,  in 
analogy  with  the  previous  results  for  Massachusetts  meteors,  the  residuals  from  the  rocket 
curve  are  strongly  dependent  on  velocity.  A change  of  one  full  power  in  v in  the  fundamental 
equation  is  needed  to  make  the  residuals  independent  of  velocity,  but  then  the  slope  of  the 
density  curve  diverges  considerably  from  the  rocket  profile.  The  introduction  of  an  empirical 
scale  factor  R reduces  the  velocity- free  densities  back  again  to  the  rocket  profile.  These 
final  densities  show  only  a slight  seasonal  effect,  if  any. 

Massachusetts  observations  were  reduced  using  the  same  constants  as  for  New  Mexico.  The 
final  densities  are  in  good  agreesunt  with  the  New  Mexico  densities  up  to  75  km,  but  above 
that  height  the  Massachusetts  densities  are  systematically  higher.  The  seasonal  effect  is  more 
than  twice  as  large  for  the  Massachusetts  observations  as  for  New  Mexico.  The  bad  distribution 
of  the  Massachusetts  meteors  with  regard  to  seasons,  velocities  and  heights  should,  however, 
suggest  some  caution  in  interpreting  this  last  result. 


1.  The  Observational  Material: 


Only  double* station  meteors  arc  included  in  the  present  report.  All  photographs  through 
August  11,  1948,  were  taken  in  Massachusetts,  from  the  Cambridge  and  Oak  Ridge  (now  Agassis) 
stations,  for  which  co-ordinates  are  given  below: 


Stat ion 


Oak  Ridge 
(Agassis) 


Cambridge 


K (Greenw. ) 

<t> 

h 


71°33'29\82 
♦42°30' 20" .72 
190.2  m. 


71°  7' 45'. 45 
♦42°22'53'.70 

18.3  a. 


All  photographs  from  August  14,  1949,  inclusive,  were  taken  in  New  Mexico,  from  the  twin 
stations  near  Las  Cruces,  whose  co-ordinates  are: 


Station 


Dona  Ana  So  It dad  Canyon 


h (Greenw. ) 

<P 

h 


106°47'58'.50 
♦ 32°30'21\94 

1412.3  a. 


106<>36'42'.32 
♦ 32°18'13'.61 

1567.4  >. 


The  baseline  between  the  Massachusetts  stations  is  37.896  ksi  long;  the  baseline  is  New 
Mexico  we as urea  28.567  km. 


The  caeru  with  which  the  meteors  were  photographed  in  listed  in  Table  I. 

TABLE  I 

Meteor  Cameras 

a)  Massachusetts 


Oak  Ridge  (Agassiz)  Cambridge 


Camera 

Ap. 

/ 

r.p.m. 

n 

Camera 

Ap. 

/ 

r.p.m. 

n 

A I 

1.5 

6 

600 

2 

FA 

1.5 

6 

600 

2 

KB 

3.0 

7 

1200 

2 

KA 

3.0 

7 

1800 

2 

•AC 

1.5 

13 

0 

0 

KL 

1.5 

6 

630.5 

4 

•MC 

16 

83 

0 

0 

b)  New 

Mexico 

Dona 

Ana 

Soledmd  Canyon 

Camera 

Ap. 

/ 

r.p.  a. 

n 

Camera 

Ap. 

/ 

r.p.m. 

n 

A I 

1.5 

6 

740 

4 

FA 

1.5 

6 

630 

4 

KB 

3.0 

7 

1800 

2 

KA 

3.0 

7 

1200 

2 

KF 

3.0 

7 

1800 

2 

KE 

3.0 

7 

1200 

2 

KH 

3.0 

7 

0 

0 

KG 

3.0 

7 

0 

0 

Ap.  and  / are  the  aperture  and  the  focal  length,  in  inches;  r.p.m.  is  the  masher  of  revo- 
lutions per  minute  of  the  rotsting  shutter  associsted  with  the  caawra,  and  n is  the  masher  of 
■easurable  features  (breaks  and/or  dots)  per  shutter  revolution.  The  caneras  narked  with  an 
asterisk  are  not  regular  meteor  caneras,  but  other  astronomical  instruments  on  which  the  Meteor 
was  photographed  by  accident. 

Basic  dsta  for  all  Meteors  are  given  in  Tables  II  and  III.  The  Massachusetts  Material 
includes  63  neteora.  Of  these,  46  could  be  used  to  determine  velocities  and  deceleration'  and 
yielded  86  atsnapheric  densities.  The  New  Mexico  Material  conprised  83  meteors,  73  of  which 
yielded  168  density  values. 

The  following  is  an  explanation  of  those  coluasis  in  Tables  II  and  III  which  are  not  self- 
explanatory.  Q is  the  angle  of  intersection  on  the  ceTestia^ -sphereof  the  two  meteor  trails, 
ZR  is  the  zenith  distance  of  the  apparent  radiant,  and  am  aretKe~~8XtrapoJated  velocity 
(in  km/aec)  and  mass  (in  grams)  of  the  meteor  before  it  entered  the  earth’s  atmospK9r»f-~t^ia 
the  duration  of  the  meteor  as  photographed  from  station  A (Oak  Ridge  in  Massachusetts,  Dona  Ana 
in  New  Mexico),  ify(n  is  the  magnitude,  reduced  to  the  visual  scsle,  which  the  meteor  attained  at 
maximum  light. 

In  the  "shower”  column  all  those  meteors  which  do  not  belong  to  well -recognized  showers 
were  listed  as  sporadic.  There  are,  however,  two  new  showers  in  the  list: 

1)  The  Virginids,  based  on  three  meteors  in  1939,  1S42  and  1950,  all  between  March  18  and 
March  21,  with  geocentric  velocities  of  about  31  km/sec.  Approximate  radiant:  a ■ 185°, 

8 - ♦55°(1950.0). 

2)  The  X Cygnids,  based  on  four  1950  meteors  between  August  19  and  August  22;  geocentric 
velocity  27  laa/eec,  radiant:  a ■ 292°,  8 * ♦55°(  1950.0). 

The  fundamental  dsta  used  in  the  computation  of  atsuspheric  densities  are  given  in  Tables 
IVa  and  IVb  for  Massachusetts  and  Va  and  Vb  for  New  Mexico  meteors.  In  these  tables  Fr.  indi- 
cates the  fraction  of  the  tropic  year,  <t>  the  parameter  360°*  Fr. , v the  velocity  in  km/sec, 
dv/dt  the  acceleration  in  kxy'sec2,  p.e.  the  probable  error  of  the  acceleration;  the  three  last 
quantities  were  taken  at  the  center  of  s least-squares  solution  involving  n shutter  breaks 
(form  of  the  equation  of  condition:  D - a ♦ bt  ♦ ce**;  D - distance  of  break  in  space  from  a 
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fixed  point,  t - time,  k - a p re-determined  constant).  H ia  the  height  ah.n»e  level,  in 
ka,  end  a the  him  of  the  meteor  in  grams  et  the  time  for  which  ;*  end  dv/dt  were  teken.  The 
aeening  of  pv  p?,  p^  end  p ie  explained  in  eectioo  2;  p end  w ere  the  weight*  competed  ac- 
cording to  etpiations  (3)  end  (A),  respectively.  Ax,  A?,  Aj,  A,  ere  the  reeiducle  of  logpj, 
log  p , log  p3  and  log  p%  from  profile  C (Table  VI);  A^  sr.J  A'  (for  Massachusetts)  ere  reeidu- 
als  ol  log  Pj  and  log  p%  from  profile  M. 

Date  pertaining  to  height*  up  to  90  ka  ere  to  be  found  in  Table*  IV*  and  Va;  Tables  Va 
and  Vb  give  the  equivalent  information  for  heights  greater  than  85  ka.  Data  for  heights  be- 
tween 8S  end  90  ka  can  thus  be  found  in  both  seta  of  tables,  liated  in  different  fashion. 
Although  for  the  computation  of  the  mean  densities  the  data  for  H>  85  ka  were  handled  in 
groups  rather  than  individually,  some  of  the  analyses  required  individual  atmospheric  densities 
up  to  90  ka;  this  explains  the  overlap  between  the  tables. 

Meteor  No.  2278  (New  Mexico,  1950  Dec.  11.2)  deserves  a special  mention.  This  meteor 
a kilned  the  upper  atmosphere  with  an  angle  of  incidence  of  only  12°  and  a velocity  of  59  ka/sec. 
Its  photographic  length  is  53°;  its  first  half  ni  caught  by  the  A I and  FA  cameras,  while  the 
second  half  was  recorded  by  the  KE  camera.  Ob  both  the  Aland  the  FA  plates  the  trail  is  ex- 
tremely long  and  extends  from  a point  not  far  from  the  center  clear  to  the  edge  of  the  field. 
The  acceleration  computed  from  both  plates  is  small,  but  positive,  and  in  our  opinion  this  is 
due  to  the  progressive  change  in  the  images  of  comparison  stars  and  breaks  from  the  center  to 
the  edge.  The  large  number  of  breaks  on  these  exceptionally  long  trails  makes  these  spurious 
accelerations  nuch  larger  than  their  probable  errors  and  this,  in  turn,  would  lead  to  unduly 
high  weights  for  the  resulting  (negative)  atmospheric  densities,  with  the  danger  of  vitiating 
the  anal ysia.  In  view  of  this  situation,  it  was  deemed  necessary  to  eliminate  the  A I and  FA 
densities  for  this  meteor  from  the  present  investigation. 


2.  Atmospheric  Densities  from  Meteor  Data;  Weights  end  Weighted  Means: 

In  a first  approximation  the  atanspheric  densities  p were  coaqputed  in  the 
in  Technical  Report  No.  2 111 , using  the  formula 

p ■ - As3  v'2±.  . 


fashion  as 


(1) 


The  sums  a was  computed  by  equation  (9)  of  Technical  Report  No.  2,  which  shall  be  repeated 
here  for  easy  reference: 

a *_Ldt  . (2) 

• To  * t3 

t„  is  the  luminous-efficiency  coefficient  and  I the  visual  intensity  of  the  ■actcor1’**,  derived 
from  the  photographic  magnitude  with  the  correction  *1?8.*  For  a detailed  description  of  the 
photometric  methods  followed,  see  ..Technical  Report  No.  312’,  pages  5-11.  The  densities  thus 
computed,  using  K ■ i,  are  designated  as  px. 

Each  individually  determined  acceleration  was  used  to  obtain  a value  of  p ,.  Accelerations 
determined  from  different  plates  for  the  saam  meteor  were  treated  independently  of  each  other. 
If  one  photographic  trail  yielded  two  or  more  decelerations,  these  were  also  h mid led  separately. 

The  basic  quantities  which  enter  into  the  computation  of  p are  affected  by  observational 
errors  in  varying  degrees.  While  the  velocity  v is  always  known  to  an  accuracy  of  1%  or 
better,  the  acceleration  dv/dt  may  have  probable  errors  ranging  from  0.01  to  10  tiams  ita 
actual  value,  and  the  reliability  of  the  probable  error  itself  will  vary  according  to  the 
number  of  ahutter  breaks  used  to  compute  the  acceleration.  The  mass  a,  which  is  a function 
of  the  integrated  light  intensity,  hM  an  eleamnt  of  uncartainty  in  the  extrapolation  to  xero 
of  the  intensity  curve  at  the  very  end  of  the  trajectory.  This  uncertainty  is  reflected  in  a 


*Twenty-fl»e  In  Mexico  aotooro  for  which  both  vtouol  end  photcgrephlc  aogrltudet  aero  available 

conflra  thle  correction.  Their  aeon  It  +l?sg. 
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sull  relative  error  when  the  point  we  consider  is  near  the  beginning  or  the  center  of  the 
trail,  but  may  become  quite  important  when  we  have  to  compute  a mass  near  the  end  of  the  me- 
teor’s visible  path.  It  is,  therefore,  necessary  to  establish  a weight  function  which  will 
take  into  account  all  these  factors. 

If  the  scatter  in  the  computed  atmospheric  densities  were  due  only  to  observational  errors, 
a weight  function  could  be  established  rather  simply  on  the  basis  of  the  probable  errors  of 
dv/dt  and  a.  We  must  not  forget  however,  that  even  densities  computed  from  exact  data  (i.e., 
with  probable  errors  equal  to  zero)  would  presumably  show  a scatter  due  to  different  shapes  and 
densities  of  the  individual  meteoroids  and  to  unaccounted  day-to-day  variations  in  the  upper- 
atawsphenc  layers.  While  a weight  function  based  entirely  on  probable  errors  would  be  jus- 
tified for  data  with  very  low  accuracy,  there  ia  the  danger  that  it  would  lead  to  dangerous 
relative  overweighting  of  wore  accurate  data.  As  we  see,  an  ideal  weight  function  oust  follow 
the  probable-error  rule  in  the  low-accuracy  detain  and  reach  an  upper  (saturation)  value  when 
the  probable  errors  decrease  beyond  a certain  1 irti t.  The  weight  function*  which  were  finally 
adopted  are  certainly  far  from  being  ideal  and  would  be  difficult  to  justify  on  a rigid  ana- 
lytical basis;  they  do,  however,  satisfactorily  accomplish  their  assigned  task,  so  we  feel  they 
can  be  presented  without  further  apologies. 

Whenever  values  of  l°f10  P were  an sly zed  (i.e.,  for  heights  lower  than  85  km),  their 
weight  p was  assumed  to  be 


P - 10  ^ (±-)  (n-3)  (-*-)*  ; 

6 ■«, 

0 ■ H [1  ♦ erf  (2  log1Q  x - 0.7)]  . 


(3) 


Here  v/e  is  the  ratio  of  the  acceleration  to  its  probable  error,  n is  the  number  of  shutter 
breaks  used  in  the  least-squares  solution  (which  contains  three  ••'iknowns)  and  ms  the  mass  of 
the  meteor  before  it  entered  the  atmosphere.  In  the  expression  rf  * may  be  either  v/e  or 
n - 3.  The  weights  thus  computed  range  from  I to  9 and  virtue*  ell  densities  with  v/e  < 2 
have  weight  zero. 

For  heights  above  85  km,  where  weighted  means  were  taken  in  p rather  than  )og1Q  p,  the 
weight  function  was 

• - [Z.(n  - 3)  ]Xerf  (HT1*  e'2  ) , (A) 

where  e ^ - (p/v)e.  The  meteor  mass  does  not  appear  in  this  formula  because  at  great  heights 
all  accelerations  are  computed  from  centers  or  early  parts  of  trajectories. 

The  separation  of  the  observations]  materia)  into  two  sections,  below  and  above  85  km, 
appeared  to  be  necessary  in  view  of  the  great  disparity  in  the  accuracy  of  the  data.  Below  85 
km  the  observed  decelerations  are  generally  mch  larger  than  their  probable  errors  and  there 
are  virtually  no  negative  densities.  Above  85  km  it  becomes  increasingly  difficult  to  get 
reliable  decelerations  and  negative  densities  becoam  more  and  more  frequent. 

In  view  of  the  nearly  linear  relation  between  H and  log  p,  it  appears  logical  to  prefer 
taking  weighted  means  of  these  two  quantities  whenever  possible,  and  this  was  done  for  H<  85  km. 
For  H > 85  km  advantage  was  taken  of  the  fact  that  atmospheric  densities  in  the  range  0<H<  100 
km  can  be  represented,  within  a factor  of  2,  by  the  approximation  p - pQ  a-0-1?*".  Weighted 
means  were  therefore  taken  in  p and  in  the  quantity  e'0’1*"*,  from  which  the  corresponding  mean 
value  of  H was  computed. 


3 . Analytit  of  the  New  Mexico  Data: 

The  mean  atmospheric  density  profile  over  New  Mexico  was  assumed  to  be  sufficiently  well 
established  on  the  basis  of  the  results  of  several  high-altitude  rockets  launched  in  recent 
years.  N.R.L.  data  from  four  rocket  flights  were  reduced  by  the  writer  in  1948 111  and  the  mean 
profile  derived  from  them  (profile  C,  Table  VI)  has  been  used  for  the  past  4 years  at  M.I.T.  as 
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• guide  in  problems  involving  the  upper  atmosphere ' * 1 . Our  chief  goal  has  been  to  establish  an 
empirical  function  of  the  densities  p computed  by  equation  (1)  fraa  New  Mexico  meteors,  which 
would  reduce  the  computed  denaitiea  as  closely  as  possible  to  those  of  profile  C.  This  same 
function  would  then  be  applied  to  the  densities  computed  fro*  Massachusetts  Meteors;  the  two 
seta  of  data  would  then  presusmbly  represent  true  ataoapheric  densities  and  could  be  analysed 
and  compared. 

A wean  density  profile  for  the  upper  atmosphere  over  New  Mexico  has  been  recently  cooputed 
by  the  Rochet  Panel*  using  data  from  16  rochet  flights15'.  Thic  profile  is  given  in  Table  VI 
under  the  designation  of  profile  R.  Profiles  R and  C are  almost  identical  (they  intersect 
three  times  in  the  range  from  SO  to  100  km)  so  no  appreciable  difference  in  our  results  could 
be  expected  if  one  were  substituted  for  the  other  in  the  analysis. 

As  a preliminary  step,  the  individual  vaiuea  of  log  Pi  were  compared  with  three  different 
density  profiles,  given  in  Table  VI.  Only  points  lying  between  the  heights  of  65  and  85  km 
were  used  in  the  analysis.  This  limitation  steam  from  various  considerations; 

TABLE  VI 

Atmospheric  Density  Profilet  Uted  in  the  Analysis  of  New  Mexico  end 
Massachusetts  Meteors  (A.B.C)  and  Mott  Recent  Profile 


from  V-2  Rockets  (R). 

Log10P 

in  g/ea3. 

H 

(km) 

A 

B 

C 

R 

•« 

m 

45 

-5.744 

-5.725 

-5.667 

SO 

-6.006 

-5.99 

-5.971 

-5.936 

-5.91 

55 

-6.227 

-6.21 

-6.193 

-6.199 

-6.15 

60 

-6.421 

-6.42 

-6.409 

-6.457 

-6.41 

65 

-6.607 

-6.63 

-6.647 

-6.723 

-6.70 

70 

-6.801 

-6.88 

-6.955 

-7.012 

-6.97 

75 

-7.018 

-7.20 

-7.324 

-7.334 

-7.25 

80 

-7.287 

-7.56 

-7.700 

-7.676 

-7.52 

85 

-7.611 

-7.92 

-8.062 

-8.034 

-7.80 

90 

-7.951 

-8.29 

-8.400 

-8.389 

-8.08 

95 

-8.273 

-8.67 

-8.717 

-8.734 

-8.36 

100 

-8.569 

9.04 

-9.021 

-9.063 

-8.66 

105 

-8.852 

-9.314 

-9.379 

110 

-9.131 

-9.598 

-9.684 

A ■ Profile 

from  Massachusetts 

meteors, 

1949'3'. 

B - Preliminary  profile  from  New  Mexico  meteors,  using  j 

uncorrected  data  md  log  K * 0.12. 

C - Profile  from  New  Mexico  rocket  flights,  1948m. 

R • Moat  recent  profile  from  V-2  rockets,  1952* 51 . 

M ■ Final  density  from  Massachusetts  meteors, 

from  results  of  the  present  paper. 


1)  In  the  height  range  between  65  and  85  km  there  is  a generous  overlapping  of  meteor 
velocities  and  masses.  At  heights  lower  than  65  km  densities  are  derived  mostly  from  low* 
velocity,  massive  meteors  near  the  end  of  their  trajectories.  At  heights  greater  than  85  ka 
high-velocity,  low-mass  meteors  predoaiinate. 


*Ths  author  iliku  to  iipriu  hli  sincere  grstltuds  to  th#  Socket  Psnsl  for  ths  psralstlon  to 
uss  those  dots  ksfors  thslr  pukltcstlon. 
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2)  At  heights  greater  than  85  ka  individual  neteor  decelerations  become  progressively  less 
reliable. 

3)  The  introduction  of  the  height  in  the  fora  of  a linear  tern  in  the  equation  of  condi- 
tion precludes  taking  any  wider  range  in  heights,  or  the  ter*  would  loae  much  cr  : -ignif- 
icacce. 

Since  the  exact  fora  of  the  drag  equation  (1)  is  atill  open  to  discussion,  both  the  ve- 
locity v and  the  aass  a were  inserted  in  the  equation  of  condition,  although  it  waa  realised 
that  they  are  not  independent  parameters;  alao  introduced  were  the  height  H,  to  account  for  an 
error  in  the  slope  of  the  coaparison  curve,  and  the  fraction  of  the  tropic  year  to  account  for 
a possible  seasonal  effect.  This  Isst  quantity  waa  introduced  through  an  auxiliary  angle 
<p  * 2 rr  t/T  where  T ia  the  duration  of  the  tropic  year  and  t the  tine  elapsed  since  January  1.0 
of  the  year  when  the  neteor  appeared. 

The  equation  of  condition  used  had  the  fora 

log  p1  - log  p'  - « ♦ 6 sin  <p  * c cos  <p  ♦ d (log1Q  v - 6)  ‘ eH  * f log1Qai 

(5) 

* a* II  sin  (d>+a)  ♦ d (logJ0  v-6)  ♦ *H  ♦ / log10 m . 

Here  p‘  is  the  density  at  the  height  H in  the  coaparison  profile  (A,  B,  or  C). 

In  view  of  the  peculiar  distribution  of  the  neteor  aaterial , none  of  the  parameters  is, 
strictly  speaking,  independent  of  the  others:  velocities  are  closely  connected  with  heights, 
aasses  with  velocities  and  there  ia  a tendency  for  low-velocity  neteors  to  abound  in  the  winter 
aenester  and  high-velocity  aeteora  to  prefer  the  a mane r season.  The  situation,  as  will  be 
seen,  is  particularly  bad  in  this  respect  for  the  Massachusetts  aaterial.  For  New  Mexico, 
however,  the  distribution  ia  nuch  more  uni  fora  with  respect  to  all  paraamters  and  aoam  sense 
can  be  aade  out  of  the  various  correlations.  A coaparison  of  the  solutions  made  using  the 
complete  equation  of  condition  (4)  with  others  in  which  the  coefficients  of  log  • or  of  H or 
both  have  been  put  equal  to  xero  is  particularly  instructive. 

A special  effort  was  aade  by  the  New  Mexico  observers  to  cover  the  Geminids  of  1950,  and 
this  resulted  in  an  abnormal ly  high  percentage  of  such  neteors  in  the  analysed  aaterial.  Since 
a cursory  inspection  had  shown  that  the  atmospheric  densities  derived  from  Geminids  seemed  to 
be  systematically  lower  than  the  average,  separate  least-squares  solutions  were  aade,  with  and 
without  Geainids. 

The  results  of  the  various  least-squares  solutions  for  the  New  Mexico  data  are  given  in 
Table  VII.  An  inspection  of  Table  VII  leads  to  the  following  preliminary  results: 

a)  No  matter  what  comparison  profile  is  taken,  and  whether  or  not  Geminids  are  included, 
the  value  of  d,  the  coefficient  of  log  v,  ia  always  -1.1  or  -1.2,  and  exceeds  its  probable 
error  by  a factor  of  10.  The  1948  analysis  of  Massachusetts  meteors'1’  had  given  for  the 
coefficient  of  log  v the  values  of  -0.91  and  -0.79,  according  to  the  equation  of  condition 
used. 

b)  The  coefficient  of  log  a,  as  was  to  be  expected,  is  of  opposite  sign  with  respect  to 
that  of  log  v.  It  is  i^ortant  to  note  that  its  magnitude  is  of  the  same  order  as  that  of  its 
probable  error  and  that,  when  At  is  put  equal  to  zero  in  the  equation  of  condition,  the  re- 
maining coefficients  change  but  very  little. 

c)  The  seasonal  effect  ia  s«.-tal  1 , with  an  aaplitude  which  for  most  solutions  amounts  to 
less  than  one- ha 1 f of  that  derived  for  Massachusetts  in  a previous  analysis11’.  The  amplitude 
ia  only  two  to  four  tines  larger  than  its  probable  error  and  tbe  phase  of  the  fluctuation  is 
quite  different  from  the  one  found  for  Massachusetts.  The  seasons]  effect  is,  however,  strongly 
dependent  on  the  coaparison  profile,  and  any  aore  definite  conclusion  on  its  reality  should  be 
deferred  until  later. 

A plot  of  log  p against  H (fig.  1)  shows  an  excellent  agreeamnt  with  the  rocket  profile 
C.  On  the  other  hand  tbe  results  listed  under  A)  show  that  the  residuals  froa  this  profile  are 
strongly  dependent  on  velocity,  and  that  the  cause  of  this  dependence  aust  be  sought  not  in  the 
coaparison  profile,  but  in  the  fundamental  equation  (i).  It  appears  that  the  correct  value  of 
d is  very  close  to  -1.0,  which  would  correspond  to  an  error  of  one  power  in  v in  ecpiation  (1). 
As  a second  step,  then,  we  tried  to  make  the  computed  densities  independent  of  velocity  by 
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TABLE  VII 


No. 

Gnqnriaioi  Profile 
aad  Data  Ibad 

9 

b 

C 

d 

« 

f 

M 

a 

Mia 

• 

1 

A,  All  Mitoora 

♦0.197 

+0.077 

-0.006 

-1.19 

♦0.0002 

♦0.032 

♦0.078 

355* 

Oct. 

7 

*0. 200 

*0.028 

*0.020 

wjj2 

*0.0026 

£.019 

*0.028 

*15 

* 

16 

2 

A,  All  Meteors 

♦0.184 

♦0.054 

-0.004 

-1.22 

♦0.0004 

♦0.055 

356 

Oct. 

7 

*0.205 

*0.025 

*0.021 

*0.12 

*0.0027 

*0.025 

*22 

* 

23 

3 

A,  No  final  a i da 

♦0.436 

♦0.091 

♦0.017 

-1.12 

-0.0033 

♦0.049 

♦0.093 

11 

Sept. 

21 

*0.231 

*0.038 

*0.021 

*0.12 

*0.0031 

*0.021 

*0.045 

*13 

i 

14 

4 

A,  No  Gaabaida 

♦0.333 

♦0.055 

♦0.01S 

-1.18 

-0.0016 

♦0.057 

16 

Sept. 

16 

*0.229 

*0.024 

*0.021 

*0.11 

*0.0030 

*0.023 

*22 

t 

22 

S 

B,  All  Mitaora 

♦0.490 

♦0.088 

-0.032 

-1.09 

♦0.094 

340 

Oct. 

22 

*0.053 

*0.024 

*0.021 

*0.12 

*0.023 

*13 

i 

13 

6 

B.  All  Meteors 

♦0.013 

♦0.104 

-0.129 

♦0.165 

309 

Not. 

23 

*0.018 

*0.029 

*0.022 

*0.025 

* 9 

i 

9 

7 

B,  No  fianiaida 

♦0.S21 

♦0.083 

♦0.017 

-1.13 

♦0.065 

11 

Sept. 

20 

*0.051 

*0.022 

*0.022 

*0.17 

*0.022 

*15 

i 

IS 

8 

B,  No  fiaainida 

♦0.035 

♦0.094 

-0.093 

♦0.132 

31S 

Not. 

16 

*0.018 

*0.029 

*0.024 

*0.029 

*11 

i 

12 

9 

C,  All  Meteora 

-1.133 

♦ 0.076 

-0.009 

-1.22 

*0.0217 

♦0.(08 

♦0.077 

354 

Oct. 

9 

*0.207 

*0.029 

*0.021 

*0.13 

*0.0027 

*0.020 

*0.029 

*16 

* 

16 

10 

C,  All  Meteora 

-1.143 

♦0.056 

-0.007 

-1.25 

♦0.(021 

♦0.0S7 

353 

Oct. 

9 

*0.207 

*0.025 

*0.021 

*0.12 

*0.0(07 

*0.025 

*22 

* 

22 

11 

C,  No  Gaaiaida 

-0.883 

♦0.089 

♦0.013 

-1.15 

♦0.0163 

♦ 0.041 

♦0.089 

9 

Sapt. 

23 

*0.236 

*0.029 

*0.022 

*0.12 

*0.0031 

*0.022 

*0.029 

*14 

i 

14 

12 

C,  No  fianiaida 

-0.969 

♦0.058 

♦0.012 

-1.21 

♦0.0197 

♦0.059 

11 

Sapt. 

20 

*0.233 

*0.024 

*0.022 

*0.12 

*0.0030 

*0.024 

*21 

* 

21 

13 

C,  No  Gadoids 

♦0.505 

♦0.116 

♦0.020 

-1.05 

♦0.118 

10 

Sapt. 

22 

*0.058 

*0.025 

*0.024 

*0.19 

*0.Q2S 

*11 

i 

11 

t*bl«  (iv««  tba  rtnlu  of  tiu  Tariooa  lcaat-equarea  aolationa  oafiiud,  tuii|  tba 
aquation  of  oooditioc 

lot  Pj-  log  p'  ■ • ♦ b *ia  4>  ♦ e com  $ ♦ d(lo*10»-«)  ♦ aH  ♦ f lofl0« 

• a ♦ M aia(^  ♦ a)  ♦ d(lof10r-6)  ♦ »H  ♦ f lofino  , 

Haro  p'  ia  tba  daaaity  at  tba  keifht  H in  tba  eaapariaioo  profile  specified  for  each 
eolation;  d ■ yt  abere  T ia  tba  daratioo  of  tba  tropic  yaar  aad  t the  tiaa  elapaed 
aiaea  Jenna  ry  1.0  ; a ia  tba  aataor  velocity  ia  cmj—c.  aad  ■ tba  aataor  aaaa  ia  (rasa  . 
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H (km) 


Fi*  1 


Mmu  of  lof  Px  (dot*)  e*d  log  Pj  (op*  circJoa)  froai  New  Mexico  Meteors. 
The  rocket  profile  C ia  ikon  for  coaperiacn. 


mo 


reducing  then,  assuming  d - -1,  to  a standard  velocity  of  30  k*/aec.  These  corrected  densities 
were  designated  p2;  we  thus  have  the  following  equation  for  p2: 


?2 


V 

3 * 106 


Pi. 


(6) 


In  view  of  the  small  change  in  velocity  during  the  course  of  a meteor  trajectory,  equation 
(2)  can  be  written,  approximately,  as 


« - — 2_/t#  /dt-_2_Lv-3 


T «3  t 
o 


This  means  that,  for  all  practical  purposes,  equation  (1)  becomes 

p - - M.L3 

t.  dt 


(7) 


(8) 


The  change  from  to  p7  would  imply  a change  iram  v~H  to  v~3  in  this  equation.  Were  it  not 
for  the  results  listed  under  b),  we  could  be  entirely  agnostic  and  ascribe  the  blaate  for  this 
change  indifferently  to  an  error  in  the  power  of  v in  (1)  or  in  (7).  Ascribing  the  blame  to 
equation  (7)  would  mean  making  ■ independent  of  velocity.  Then  all  meteors  having  the  aame 
brightness  would  have  the  same  masa,  and  the  thermal  theory  of  meteor  light  would  have  to  be 
abandoned. 


There  are  some  indications  that  this  is  not  the  case.  The  excellent  agreeamnt  of  theo- 
retical light  curves  with  observations 12  * and  the  behavior  of  low-velocity  meteors'21  would 
indicate  a definite  dependence  of  masses  on  velocity.  Apart  from  this,  the  result?  listed 
under  b)  show  thst  there  is  at  beat  only  a doubtful  dependence  of  density  residuals  on  the  mass 
as  computed  by  (2).  It  looks  as  though  most  of  the  trouble  arises  from  the  form  of  the  drag 
equation. 

Means  of  log  p7  against  H are  shown  in  Table  IX  and  in  Fig.  1.  Since  greater  velocities 
are  observed  at  greater  height,  the  velocity  correction  (log  p - log  p * log  v-  6.477)  in- 
creases with  height  and,  conforming  to  expectation,  the  alope  of  lag  p7  oecoama  smaller  than 
that  of  log  p , which  agreed  with  the  alope  of  the  rocket  profile.  We  are  thus  left  with  a set 
of  "densities’*  which  are  practically  independent  of  velocity,  as  we  desired,  but  do  not  agree 
with  the  known  density  profile.  It  would  seem  that  the  introduction  of  a scale  factor  R some- 
what larger  than  unity  would  restore  the  proper  alope.  Densities  p^  computed  by  the  equation 


log  p j - A*B  log  p7  (A  * constant)  , 


(9) 


would  leave  residuals  from  profile  C which  would  presumably  prove  independent  of  velocity  and 
height,  but  would  still  be  affected  by  a possible  seasonal  fluctuation.  The  final  densities 
corrected  for  seasonal  effect,  were  computed  by  leaat-squarea,  using  the  equation  of 
condition 


log  pc  - A * R log  p7  - B sin  4>  - C coa  <p 
» A * B log  p7  - M sin  ( 4>  ♦ a) 

where  pc  is  the  density  on  profile  C at  the  height  corresponding  to  p The  values  of  p ^ are 
the  values  of  pc  computed  by  (10),  once  A,  B,  C and  R have  been  determined.  The  presence  of  s 
scale  factor  B f 1 must  be  considered  as  a purely  empirical  device  to  make  the  computed  den- 
sities agree  with  the  observed  rocket  profile.  A theoretical  explanation  ia  not  attempted  at 
this  stage. 

Since  a large  range  in  heights  ia  necessary  for  an  accurate  determination  of  the  scale 


-30- 


factor  R,  the  least-squares  solution  was  extended  to  all  meteors  with  heights  lower  then  90  km, 
Geminids  excluded.  Die  results  are  given  below: 

A - ♦2.059  ± .288 
B - >0.056  * :028 
C » -0.034  ± .024 
R • >1.275  t .151 
M * >0.066  t .027 
a - 329°  i 22° 

(Minima  density:  Nov.  3 ± 22^) 

Within  the  sane  range  of  heights  as  that  of  the  least-squares  solution  there  are  25  den- 
sities determined  from  Geminids.  When  log  p%  ia  computed  for  them,  they  yield  residuals  A^ 
from  profile  C,  whose  weighted  mean  ia  -0.10.  We  consequently  assumed  the  value  of  >0.10  to 
represent  the  mean  correction  to  log  pH  as  determined  from  Geminids.  Mean  values  of  log  p%  in 
function  of  height  are  shown  in  Table  IX  and  Fig.  2.  For  heights  above  85  km,  where  means  were 
taken  in  p rather  in  log  p,  the  mean  of  the  individual  seasonal  corrections  was  applied  to  each 
mean  point.  For  the  same  points  the  correction  to  log  p^  for  the  presence  of  Geaunida  was 
taken  as  >0.10  times  the  ratio  of  the  sun  of  the  Geaunid  weights  over  the  total  sum  of  the 
weights  within  the  5 km  range  of  heights  considered. 

As  a final  check  on  the  nan -dependence  of  p^  from  meteor  velocities,  the  coefficient  of 
correlation  between  log  p,  and  log  v was  computed  for  all  meteors  with  H < 90  km  (corrected 
Geminids  included)  and  found  to  he  equal  to  0.002. 

The  amplitude  of  the  seasonal  fluctuation  which  results  from  this  least-squares  solution 
is  only  twice  aa  large  as  ita  probable  error.  In  view  of  the  possibility  that  the  seasonal 
effect  might  be  a function  of  height  and  that  the  picture  aught  became  soamwhat  blurred  if  the 
analysis  were  made  over  too  large  a range  in  height,  another  solution  was  computed  for  heights 
between  65  and  85  km,  Geaunida  excluded,  using  a slightly  different  method.  Log  p^  was  com- 
puted by  equation  (9),  using  A » >2.059  and  R * 1.275,  and  the  residuals  A^  from  profile  C 
were  analysed  for  seasonal  effect.  The  result  of  the  least-squares  solution  is  given  below: 

A - -0.0096  ♦ 0.083  sin  (d>  ♦ 359?5) 

i it) 

t .0083  * 0.040 

As  we  see,  the  results  are  not  too  dissimilar  from  those  obtained  using  all  meteors  with 
B < 90  km.  The  amplitude  is  25X  larger,  but  still  only  twice  as  large  as  its  probable  eryor, 
and  the  adnianm  density  falls  an  October  2,  or  one  month  earlier.  In  our  judgment  it  would  be 
a little  premature  to  give  a definite  pronotneement  concerning  the  reality  of  the  effect. 


4.  Analysis  of  the  Massachusetts  Data: 

Values  of  log  p1  for  most  of  the  Massachusetts  meteors  have  been  published  in  Technical 
Report  No.  2(1>.  For  a number  of  meteors  the  data  are  presented  here  in  a semewhat  different 
form.  Previously,  when  decelerations  were  determined  on  two  plates  for  the  same  meteor,  their 
weighted  mean  was  used  in  moat  cases  to  compute  atmospheric  densities.  To  make  the  Massachu- 
setts  material  entirely  consistent  with  that  from  New  Mexico,  decelerations  from  different 
plates  are  here  treated  separately. 

For  a comparison  with  the  New  Mexico  data  we  must  compute  p2  end  p^  according  to  eolations 
(6)  and  (9),  analyse  p ^ for  seasonal  variation  and  finally  obtain  a profile  of  p,.  Before  we 
proceed  to  do  this,  however,  it  will  be  instructive  to  look  at  the  results  of  seme  preliminary 
analyses  of  p.  which  were  undertaken,  a littft  haphasardly,  in  the  early  stages  of  this  in- 
vestigation. Table  VIII  stmmwuises  the  results  of  least-squares  solutions  computed  exactly  in 
the  seam  manner  as  for  New  Mexico  meteors,  with  the  equation  of  condition  (5),  using  two  dif- 
ferent comparison  profiles.  This  table  should  be  compared  with  Table  VII. 
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TABLE  VIII 


An*ly$i$  of  Log  for  Ma»$ochueetts  Meteor  $ 

i 

i 

i 

65  < H<  85  Kb 

I 


No. 

Capniun  Profile 
and  Data  Usad 

• 

b 

c 

d 

e 

f 

If 

a 

Mia 

• 

1 

A.  All  Meteors 

-0.734 

-0.104 

-0.041 

-0.762 

♦0.0109 

-0.002 

♦0.112 

O 

202 

March 

11 

t0.249 

*0.036 

*0.037 

*0.212 

*0.0035 

*0.078 

*0.036 

*19 

* 

19 

2 

A,  All  Meteor* 

-0.736 

-0.104 

-0.042 

-0.759 

♦0.0109 

♦0.112 

202 

March 

11 

*8.244 

*0.034 

*0.036 

*0.204 

*0.0034 

*0.035 

*19 

* 

19 

3 

A,  No  fainidi 

-0.872 

-0.091 

♦0.001 

-0.593 

♦0.0122 

-0.045 

♦0.091 

179 

April 

3 

*0.246 

*0.034 

*0.039 

*0.281 

*0.0037 

*0.031 

*0.034 

*25 

* 

25 

4 

A,  No  Gearinids 

-0.904 

-0.108 

♦0.006 

-0.412 

♦0.0109 

♦0.108 

177 

April 

6 

*0.244 

*0.032 

*0.039 

*0.251 

*0.0036 

*0.032 

*21 

i 

21 

5 

A,  No  Geainids 

-0.246 

-0.159 

-0.014 

-0.050 

♦0.160 

185 

March 

28 

*0.114 

*0.030 

*0.040 

*0.228 

*0.030 

*14 

* 

14 

6 

C,  All  Meteor* 

-2.220 

-0.111 

-0.042 

-0.775 

♦0.0344 

♦0.009 

♦0.119 

2C1 

March 

12 

±0.255 

*0.036 

*0.038 

*0.217 

*0.0035 

*0.080 

*0.037 

*18 

* 

19 

7 

C,  All  Meteors 

-2.210 

-0.108 

-0.041 

-0.791 

♦0.0345 

♦0.116 

201 

March 

12 

*0.250 

*0.035 

*0.037 

*0.209 

*0.0035 

*0.036 

*18 

* 

19 

8 

C,  All  Meteors 

♦0.066 

-0.266 

-0.156 

-0.070 

♦0.3Gb 

210 

March 

2 

*0. 143 

*0.045 

*0.051 

*0.281 

*0.047 

* 9 

* 

9 

9 

C,  No  Gea»nida 

-0.286 

-0.275 

-0.052 

♦0.661 

♦0.280 

191 

March 

22 

*0.165 

*0.043 

*0.056 

*0.330 

*0.043 

*11 

1 

12 

For  datailad  nqtlautioM,  as*  bottaa  of  Tab)*  VII  . 


i 

i 
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TABLE  IX 


Mtm  Atmotphtrio  Duuitici  from  Now  Mexico  It* t tort 

l 

t 

i 

I {Wwijittd  Means  within  5-Jta  GrtKpi;  Ctmmrd  Densities  Cornettd) 


H 

(k>) 

I«8X>1 

A, 

'°«Pj 

1°8  Pj 

><*  P, 

\ 

n 

SI. 9 

-S.97 

♦0.09 

-6.17 

-0.11 

-5.81 

♦0.25 

-5.76 

♦0.30 

2 

se.o 

-6.S5 

-0.23 

-6.51 

-0. 19 

-6.26 

♦0.06 

-6.22 

♦0.10 

5 

61.3 

-6.63 

-0.16 

-6.60 

-0.13 

-6.38 

♦0.09 

-6.33 

♦0.14 

6 

67.4 

-6.99 

-0.20 

-6.97 

-0.18 

-6.84 

-0.05 

-6.78 

♦0.01 

12 

72.6 

-7.22 

-0.07 

-7.35 

-0.20 

-7.32 

-0.17 

-7.31 

-0.16 

15 

77.6 

-7.44 

♦0.08 

-7.48 

♦0.04 

-7,49 

♦0.03 

-7.48 

♦0.04 

30 

82.7 

-7.84 

♦0.06 

-7.81 

♦ 0.09 

-7.90 

O.uC 

'7.59 

♦0.01 

ePV 

87.5 

-8.25 

-0.01 

-8.21 

♦0.03 

-8.41 

-0.17 

-8.39 

-0.15 

29 

91.7 

-8.60 

-0.09 

-8.40 

♦0.11 

-8.66 

-0.15 

-8.63 

-0.12 

14 

96. S 

-8.42 

♦0.39 

-8.19 

♦0.62 

-8.39 

♦0.42 

-8.43 

♦0.38 

18 

102.6 

-9.36 

-0.18 

-9. 10 

♦0.06 

-9.55 

-0.37 

-9.48 

-0.30 

4 

108.3 

-9.27 

♦0.23 

-8.93 

♦0.S7 

-9.33 

♦0.17 

-9.27 

♦0.23 

3 

Aj,  Aj , ij , A^are  ruiduli  of  the  reaper tire  laf  p‘ * from  the 
Rocket  Profile  C (Table  VI) 

TABLE  X 


Moan  Atmotphtric  flauitui  from  Mas  sac  leu* tt*  Meteors 
(PsifAterf  Means  eitAin  5-fa  Croats,  GeniniM  Dmiitiu  Corrected) 


H 

(ka) 

1«8  Px 

A,  lot  P, 

l«fP, 

a; 

lot  P» 

A. 

*4 

B 

48.83 

-6.12 

-0.20  -6.10 

-0.18 

-5.75 

♦0.17 

♦0.10 

-5.73 

♦0.19 

♦0.12 

3 

56.63 

-6.48 

-0.22  -6.47 

-0.21 

-6.22 

♦0.04 

♦0.01 

-6.17 

♦0.09 

♦0.06 

5 

62.32 

-6.76 

-0.25  -6.88 

-0.37 

-6.71 

-0.20 

-0.16 

-6.66 

-0.15 

-0.11 

7 

66.63 

-7.02 

-0.28  -7.07 

-0.33 

-6.96 

-0.22 

-0.17 

-6.92 

-0.18 

-0.13 

9 

73.43 

-7.20 

0.00  -7.20 

0.00 

-7.13 

♦0.07 

♦0.03 

-7.13 

♦0.07 

♦0.03 

9 

78.30 

-7.36 

♦0.21  -7.39 

♦0.18 

-7.36 

♦0.2i 

♦0.06 

-7.42 

♦0.15 

0.00 

14 

81.98 

-7.63 

♦0.22  -7.57 

♦0.28 

-7.60 

♦0.25 

♦0.02 

-7.62 

♦0.23 

0.00 

12 

86.8 

-7.96 

♦0.23  -7.78 

♦0.41 

-7.86 

♦0.33 

♦0.04 

-7.87 

♦0.32 

♦0.03 

10 

92.2 

-8.35 

♦0.19  -8.07 

♦0.47 

-8.23 

♦0.31 

-0.03 

-8.37 

♦0.17 

-0.17 

13 

95.2 

-8.46 

♦0.27  -8.12 

♦0.61 

-8.30 

♦0.43 

♦ 0.07 

-8.42 

♦0.31 

-0.05 

2 

101.3 

-8.47 

♦0.63  -8.12 

♦0.98 

-8.30 

♦0.80 

♦0.41 

-8.40 

♦0.70 

♦0.31 

2 

Aj,  Aj,  A^  or*  residuals  of  the  nspeiliis  log  p'o  tram  the  Rocket  Profile  C . 
AJ  and  AJ  or*  residuals  of  log  p?  and  lof  p4  fron  the  Masaachaaetta  Profile  II  . 
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Fig.  4 

Seasonal  Effect  in  Massachusetts.  Means  of  the  residuals  A'  of  log  p 
from  profile  M for  heights  between  65  and  85  lan.  The  number  of  residuals 
wiuu.  concurred  to  form  the  individual  means  is  indicated  in  the  diagram. 
The  straight  line  represents  the  result  of  the  least-squares  solution. 


A' 

a 


Fig.  5 

Seasonal  Effect  in  New  Mexico.  Means  of  the  residuals  A^  of  log  p ^ from 
the  rocket  profile  C for  heights  between  65  and  85  km.  The  number  of  resid- 
uals which  concurred  to  form  the  individual  means  is  indicated  in  the  dia- 
gram. The  straight  line  represents  the  result  of  the  leist-squares  solution. 


As  we  hare  previously  mentioned,  the  distribution  of  Massachusetts  Meteors  with  regard  to 
seasons,  velocities  and  heights  is  quite  bad.  A sizable  fraction  o:  New  Mexico  meteors  yielded 
no  re  than  one  deceleration  in  the  course  of  the  visible  trajectory.  In  Massachusetts  with 
smaller  cameras,  poorer  sky  and  slower,  two-blade  «hutt*ra,  mul tip, e-deceleration  meteors  were 
the  exception  rather  than  the  rule.  The  reault  ia  that  even  in  the  region  between  the  heights 
of  65  and  85  km  there  is  little  overlap  in  height*  and  velocities,  and  the  situation  ia  made 
worse  by  the  preference  - fortuitous  or  not -of  high-velocity  meteors  for  the  auaser  season. 

As  m consequence  of  this  situation,  the  parameters  of  the  equation  of  condition  (5)  are 
strongly  interrelated  and  the  least-squares  solutions  computed  on  its  basis  lose  such  of  their 
significance.  This  must  be  kept  in  mind  when  results  frost  this  analysis  are  compared  with 
previous  results. 

The  instability  of  the  solution  is  made  quite  evident  by  an  inspection  of  the  d colunn  in 
Table  VIII.  While  for  New  Mexico  the  value  of  d was  quite  stable  in  the  vicinity  of  -1.1  for 
all  comparison  profiles  and  chunges  of  parasmters,  here  it  changes  very  drastically  with  the 
slope  of  the  comparison  profile.  If  we  make  e « 0,  i.e.,  if  we  do  net  allow  for  an  error  in 
the  slope  of  the  comparison  profile,  the  strong  dependence  of  velocities  on  heights  will  cause 
d to  assume  practically  any  value,  and  even  to  change  sign,  according  to  the  profile  which  ia 
taken  for  comparison.  The  comparison  profile  has  also  s strong  influence  on  the  amplitude  of 
the  seasonal  effect  - although  much  less  on  its  phase. 

Of  all  the  solutions.  No.  2 ia  the  one  which  can  be  moat  directly  coapared  with  the  re- 
sults of  Technical  Report  No.  2,  Eq.  (14).  The  comparison  profile  was  in  one  case  the  N.A.C.A. 
profile17',  in  the  other  profile  A,  but  due  to  the  presence  of  the  eH  term  in  the  equation  of 
condition,  the  conditions  are  quite  similar  in  both  cases.  The  value  of  d waa  -0.91  in  the 
old,  -0.76  in  the  new  solution. 

After  this  digression,  we  can  go  back  to  the  outlined  reduction  of  the  Massachusetts  p ' 3. 
Table  IVa  gives  log  p„  and  log  p as  computed  from  Plt  with  their  residuals  Ao  and  A^  from 
profile  C.  Mean  values  of  log  p.  taken  in  5-km  intervals  were  plotted  against  tf  and  a smooth 
curve  drawn  through  the  points.  The  residuals  from  this  curve,  in  the  height  range  between  65 
and  85  km  (Geminida  excluded)  were  analyzed  for  seasonal  effect  and  the  resulting  seasonal 
correction  applied  to  p . A new  curve  (almost  identical  with  the  preceding  one)  was  drawn 
through  these  corrected  densities  and  was  sssumed  to  be  the  fins)  Massachusetts  density  profile 
(if  in  Table  VI).  The  residuals  of  log  p?  from  this  profile  are  designated  a;  in  Tables  IVa 
and  IVb.  A final  analysis  of  A^  in  the  same  interval  as  before,  gives 


Aj  - -0.033  ♦ 0.175  sin  (<*>  ♦ 204°) 
t .032  t .040  i 16  . 


(IV 


The  final  corrected  densities  pH  [i.e.,  log  p^  with  the  correction  -0.175  *--n  (0  ♦ 204°) 
applied  to  them,  and  the  extra  correction  +0. 10  applied  to  Geaunida]  are  shown  in  Tables  IYs 
and  IVb.  Means  in  5-km  height  intervals  are  given  in  Table  X and  plotted  in  Fig.  3. 

. f T^e  seasonal  effect,  as  given  by  (12)  ia  in  fair  agreement  with  the  results  of  Technical 
ftypcrt'No.  2.  There  the  fluctuation  waa  given  as  a function  of  the  mean  norma)  temperature  T 
jip  Boston,  with  a coefficient  of  +0.015  per  °C.  This  would  correspond  to  a semi- amplitude  of 
/ Q.18  dith  « minimum  toward  the  end  of  January.  Here  the  semi -amplitude  is  0.175  with  a minimum 
on  March  9.  It  is  perhaps  significant  that,  while  the  amplitude  of  the  seasonal  fluctuation 
turns  out  to  be  twice  as  large  as  in  New  Mexico,  its  probable  error  ia  just  about  the  same  in 
both  localities.  Although  some  caution  should  be  exercised  in  interpreting  this  result  in  view 
of  the  bad  distribution  of  the  meteors  in  Massachusetts,  it  might  ir  ’.icate  a change  of  the  sea- 
sonal fluctuation  with  latitude;  if  so,  the  change  is  definitely  in  the  expected  direction. 

The  final,  corrected  densities  for  Massachusetts  seem  to  be  in  fair  sgreesmnt  with  the 
New  Mexico  profile  up  to  75  km.  For  greater  heights,  however,  the  Massachusetts  densities  seem 
to  be  systematical ly  higher.  It  would  be  highly  suggestive  to  sttribute  this  divergence  to  a 
latitude  effect.  We  hope  that  future  observations  will  throw  more  light  on  this  important 
point. 
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